INTRODUCTION
Engineering businesses are recognising that the effective and integrated management of design information is a vital component to achieving engineering and business goals. This project is an opportunity to contribute to setting the agenda of research and industrial practice in this key area: Building Information Modelling (BIM). BIM technology has now reached maturity level in several countries around the world. NBS [1] defined BIM as a way of working and also the means by which everyone can appreciate a building via the use of a digital model which draws on an array of data assembled collaboratively, throughout the stages of procuring a building and its lifecycle. BIM is the most significant information technology development and a paradigm shift in Architecture, Engineering and Construction (AEC), therefore gaining recognition as a powerful tool to deliver benefits across the construction industry and Facility Management [2] . Moreover, BIM is a tool or system of visualisation and documentation/communication [2, 3] .
BIM potentiality as a system is not limited to the effective management of primary data, but also offers effective and detailed monitoring, and facility performance analysis that can support innovative and more cost effective management of complex facilities [4] . It can be realized that many "countries are increasingly using BIM for innovative approaches to construction relationships, which is likely to give them a competitive advantage in an increasingly globalised economy" [5 p896 ].
The objectives of this study are to evaluate BIM awareness and adoption levels; compare the awareness and adoption levels with some countries; project its adoption pattern and identify critical barriers to its adoption in Nigeria. The primary data of this research were gathered through questionnaire survey and aimed at Nigerian contractors and consultants (architects, engineers and quantity surveyors); the approach to the research was quantitative in nature. The results were analysed and compared with surveys conducted independently in other countries that studied BIM adoption rates. The adoption rates were examined in terms of the line of enquiry known as the 'diffusion of innovations' to produce status in Nigeria.
LITERATURE REVIEW

Procurement of Construction Works in Nigeria
Procuring building works in Nigeria comes in two to three different ways: public (government), established private developers (registered) and private/owned individuals (unregistered). The government approach is generally via one of these two methods of procurement: Traditional or Design and Build; established private developers generally procure building work by Design and Build or in a form of novated way (adopt designs from designers and be responsible for construction based on the adopted design). While the private/owned individual operates a sort of direct labour which means the owner takes direct ownership of every aspect of works (engaging individuals for every work).
Traditional Procurement Route
Traditional procurement route is a method of contracting where a client appoints an architect to lead the design team (consultants) which comprises structural, electrical and mechanical engineers. Rowlinson [6] prescribed that the architect typically receipts the client's brief then develop that to architectural form of drawing, from preliminary to detailed architectural drawing. The same applied to the structural, electrical and mechanical designs (from preliminary to detailed); the various elements and items of the building can subsequently be taken-off and come up with bill of quantities by the quantity surveyor appointed by the client. All the above processes are done at pre-contract stage; after which contractors are invited to tender for the construction part (post contract stage). Their tenders are to be examined, compared and the successful contractor (the feasibly lowest bidder) is appointed for the construction works under the supervision of the consultants headed by the architect. It can be observed that a successful contractor is expected to mobilize to site and start work within some few days with limited knowledge or understanding of the building to be built [6, 7] . Moreover, perhaps not reasonably acquainted with the client and other project participants especially the consultants; in this process, the standard forms of contract is used which has been adopted by federal ministry of works, traditional building contract based on 'joint contract tribunal -JCT' [8] . This standard form of contract clearly defines what is to be built, the various parties' roles and the terms of bargain between them. Similarly, it stipulates the requirements by the client, specifies the measures to be taken to guarantee compliance and available remedies to each party in an incident of default [7] . The traditional procurement method is widely used in Nigeria [9] . It is not that, the traditional method of contracting is completely ineffective, but other procurement methods could be better and suitable when used on similar projects [10] .
Design and Build Method
The design and build method of procurement is also referred to as integrated procurement approach in which a contracting firm takes obligation for all aspects of the project [11] . Rowlinson [6] outlines the features of design and build contract as: i a contract that is signed before the building has been defined by full documents; ii a contract in which design is not fully completed before construction commences; iii a contract where bill of quantities is not normally prepared so variations are priced according to a schedule.
The continues growth of the design and build (integrated) method in the UK and elsewhere as an alternative procurement method to the traditional method is as a result of the new paradigm shift from fragmented method to integrated system as well as the belief pointing to integrating the design and construction [12] . Despite all the claimed potential benefits of time and cost overrun, reduction of errors and omissions, less misunderstanding, rapid reaction to scope changes, as well as production of buildable designs [12, 13] , the client has reduced his professional representation and also tend to have fewer checks on cost and quality [13] and therefore quality assurance in all aspect could be compromised.
Building Information Modelling
Considering BIM as a complete 3 dimensional digital depiction of a building system or subsystem, and a sophisticated technology comprising both accurate building model and incorporated information (in database) of the building components, requires recognition beyond a 3D of it being sample representation of a building or its components [14, 15, 16] . BIM remains the most potential development in the world of construction industry [17] .
Fig. 1. Schematic of traditional procurement route
BIM has gone beyond being just a drawing and documentation tool. It is not solely about software, but represents a more collaborative method of working [16] . This process is also transforming the way cities are designed, and life cycle performance of buildings and systems [18] . The benefits of using BIM during the building design stage have been well-publicized and are fuelling its adoption rate among architects worldwide -transforming their drawing-based processes to model-based processes. Even though as adopted at design and construction stages in countries like United States (US), UK, Finland, Germany and Norway; BIM effective usage still remained unaware especially as a platform for facility management which along inclined to the entire facility life cycle. Beaven [18] stated that,
"The benefits of using information from a building model for facilities management are likewise compelling -fuelling the discussion surrounding building lifecycle management and nudging facilities management towards model-based processes".
BIM is the latest software technology being introduced throughout the built environment and related manufacturing industry. Manufacturing industry has long realised the benefits of use of BIM, i.e. automobile industry recorded significant success from its adoption [19] . However, the construction industry is generally known to be resistive to changes [20] ; and most constructors are not ready for new innovations, preferred to sticking to the traditional way of doing things [21, 22] .
Abubakar et al. [23] found that education and training, software availability and enabling environment are the most important factors that will aid the adoption of BIM technology in Nigeria [20, 24, 25] ; while social and habitual resistance to change, legal and contractual constraints as well as high cost of training were found to be the main barriers to BIM adoption in Nigeria. Moreover, adoption rates in Nigeria lag behind considering other nations where BIM implementation evolved. The industry professionals need more awareness to these trends in order to stay competitive in this changing environment. To achieve this paradigm shift, Onungwa [24] recommended more sustained study in this area.
BIM Adoption in Other Countries
In spite of progressive adoption of BIM in US, UK and some developed nations, the construction industry is known to be a very conventional/bound by tradition and rigidity group to bring on board [22] . There is however, significant development in the Hong Kong construction industry and, considering the support by the Chinese Government on BIM adoption and implementation, there is still considerably low or slow adoption of BIM in the industry [17] . Moreover, Chan [17] study discovered that about 33% of the study responders believed a lack of training to be a significant reason for insufficient use of BIM; while two-third (67%) felt that use of BIM is not necessary; 2D is sufficient to meet their need. This shows a clear lack of understanding (awareness) of BIM. Similarly, in addressing
Fig. 2. Innovation diffusion categories
individual perceptions to this great tool in the UK, some perceived BIM as an unrequited addition to the existing work process [26] ; this is more of remnants to the high initial cost [22] . Thus, design cost/fee will most likely increase in order to reward BIM usage. Success in terms of positive return on investment (ROI) also encourages the use of BIM.
On the other hand, Wang et al. [25] study reveals highly ambitious view on ROI, with view that the benefit of BIM implementation outweighs its implementation cost. This is highly debatable as the project size/cost has significant influence to the implementation as well as ROI especially for a starter. Small project may not necessarily require BIM as such, implementing BIM while handling small projects posed challenges to ROI.
In the UK and US, much research has been carried out on BIM, especially regarding potential benefits as well as streamlining the stages of its full adoption in their construction industries. However, the NBS [16] National BIM Report lamented the limited expertise and resource that can research and educate the industry in this innovative field (i.e. BIM). Moreover, more countries are building up to BIM adoption (i.e. Ireland, Germany, Finland, Denmark, Norway, France, Canada, Malaysia and China); where nearly 60% of western European countries are frequent users of BIM and 74% of them perceived positive return on their overall investment on its adoption [27] .
South Africa is considered more developed than most African countries, including Nigeria. Their level of BIM adoption is higher than any other country in the African continent as a whole [5] . However, South Africa has also encountered setbacks to its implementation, with contractual issues (i.e. procurement route) being one of the major barriers to BIM implementation [15, 28] .
The Diffusion of Innovations
Rogers [29] discusses what he has called the 'diffusion of innovations' and demonstrates in what way an innovation takes some time to feast, even if it is demonstrably better.
Africa are amongst the contributory factors that slow the BIM adoption process. Considering low infiltration level of BIM technology in developing nations of Africa: 20% in South Africa [5] , and 7.0% in Ghana [30] the technology diffusion levels need to be established by the help of diffusion of innovation model. Rogers [29] described the cumulative diffusion of innovation in an S-curve model, and any adopter falls under one of the following categories: Innovators, early adopters, early majority, late majority and laggards. The graphs below fully described the categories of adopters.
Going by the diffusion of innovation model, Jung and Lee's [31] survey revealed that the main BIM users worldwide were in third phase (early majority), but those in the Middle East, Africa and South America were found to be in second phase (early adopters).
Africa recorded low and slow awareness and adoption of BIM with about 16% in the second phase [31] . However, South Africa can be considered to be in the fore front of this collaborative innovation with a status of "early majority" i.e. third phase [5] , but this status was recorded in what can be referred to as a 'lonely BIM' or 'small BIM' (mostly at organisational level); hence, the collaboration is quite limited. Thus, the country also has major barriers to the BIM adoption, these include: procurement process, lack of awareness by the government, lack of awareness by the industry itself, and confidentiality of information.
Cox and Alm [32] discuss the idea of inventive destruction (this involve innovation phasing out traditional way of working) and observe that the sustenance of producers depends on their capability to streamline production by introducing newer and better tools that increase productivity. Companies that do not deliver client requirements at competitive prices will eventually lose clients and die.
RESEARCH METHODOLOGY
The purpose of the survey was to determine the level to which CAD technologies and integrated construction process are currently being used by the construction industry in Nigeria. These results were then compared to the status and uptake of these technologies in some of examined countries in the literature review (US, UK and South Africa). The primary data generated from questionnaire survey is analysed with descriptive statistics (in percentages) based on common practises in this area of research [20, 24, 25, 33, 34, 35] .
Precedents
In order to gather comparable results, the questions were aimed at gathering similar information to that available from other countries. The NBS survey has done extended research on BIM report in the UK and surveys by Froise [5] in 2014 in South Africa. Fig. 3 below described adoption rate of three different regions according to Froise [5] :
Two modern precedent studies are relevant to this research so as to match the Nigerian situation with those of other countries. Firstly, surveys piloted by the NBS in the UK from 2011 to 2017 [1, 15, 16, 36, 37, 38, 39] these analysed sequential BIM use and perceptions of professionals in the industry. Secondly, is a Froise [5] survey that compares the Europe, USA and South Africa markets and looks at BIM awareness, usage and perceptions levels, and take-up among architects and contractors, this was conducted in 2014.
The United Kingdom (UK), the United States (US) and South Africa are selected as sample countries to test BIM awareness and adoption. This selection is a reflection of two main principles or measures [40] : (a) the resemblance between the two developed nations (UK and US) in their construction markets in terms of applicable technologies and terminology; and also the two developing nations (South Africa and Nigeria), (b) the availability of reasonably wide BIM adoption surveys (BEIIC, 2010 in Australia, NBS survey from 2011 to 2017 in the U.K. and McGraw-Hill Construction, 2013 [41] in the U.S.).
Survey Questionnaire
The type of questions used were generally closeended and multiple choice, although there was also an opportunity to answer an open-ended question especially where further information may be required or the respondent may want to provide different or additional information.
The following section shows the result of a survey that examined different aspects of the use of BIM in Nigeria. The questionnaires were sent to contractors and consultants mostly from general building category in Nigeria predominantly from the following zones: Northwest, North-central and South-west in descending order of quantity followed by very few from North-east and South-east; due difficulty in gaining contact information for the North-east and South-east, therefore the result may not reflect the true picture of the industry in those regions.
A total of 133 questionnaires were sent, out of which a total of 80 responses were received; this represents 60.15% response rate, hence this vindicated the 55% for paper-based response rate according to Ballantyne [42] . The responses received from contractors were 5 which represents 6.25% of the responses, architects returned 30 (37.5%), quantity surveyors returned 6 (7.5%), engineers returned 36 (45%) and Clients returned 3 (3.75%).
Fig. 3. BIM adoption
The questionnaire was structured under three sections: demographic profile; CAD usage; and BIM awareness, adoption and barriers to its adoption. The profile of respondents is important to gauge their professionalism, level of involvement and educational qualification. While on the other hand, questions on CAD were tendered to explore the level of CAD technology usage and to what extent. The final section looked into BIM awareness, usage, confidence level, barriers and procurement routes adopted.
ANALYSIS AND DISCUSSION
Survey Findings
The survey results were analysed and the findings are presented below. An initial observation was the substantial difference in the response rates for the surveys, where same method of notification and delivery was used. The difference may potentially credited to the awareness levels of the five different groups, where architects were substantially more aware than other professionals of the BIM concept considering architects as a single entity, however engineers recorded higher numbers, but this is associated with number of disciplines involved in the engineering (civil, electrical and mechanical) profession.
Demographic Profile of Respondents
The details of the respondents involved in the questionnaire survey are provided in Table 1 . The details include the respondents' affiliations, company sizes and practicing experience.
Awareness of BIM
It can be noticed that there is a significant dissimilarity amongst architects and engineers, and the rest (especially, the contractors) when it comes to BIM awareness. 34.8% of those aware are architects and 51.5% of those aware are civil, electrical and mechanical engineers, while only 6.1% is the contribution of the contractors in terms of BIM awareness. Below (Fig. 4) is a chart presenting BIM awareness. 
BIM Awareness
Generally, refer to the above (Fig. 4) , the awareness level is in the late majority (59.5% + 22.8% = 82.3%); but the adoption is just in early majority (22.8%).
Use of BIM
Most architects (61.9%) are aware of BIM, but only 26.9% use some form of BIM. Other than the clients, all the professions are at least aware of BIM to reasonably 50% but the adoption has a lot of disparities; the awareness to adoption are 57.5% to 27.5%; 60% to 20%; 66% to 0% for engineers, contractors and quantity surveyors consecutively. Fig. 5 below is presenting the awareness and adoption percentages independently.
The results were compared with surveys conducted in other countries. The most recent is the National BIM survey, conducted for 2017 [39] which reveals 97% BIM awareness (nearly universal) and 62% adoption; therefore, the gap is too wide to be compared, therefore the nearer survey findings is the 2012 NBS report where 79% BIM awareness was recorded and 31% adoption [15] .
For the US construction industry, 2012 survey by McGraw-Hill was also considered, where McGraw-Hill [41] found that BIM adoption recorded up to 71% in the USA, which demonstrates very high adoption rate of 7.33% a year with respect to 49% adoption in the 2009 [27] .
Thus, the last country is South Africa, the findings by Froise and Shakantu [5] reveals that 58% were considered to be familiar with BIM with an average of 20% adoption. With the above findings, the chart below (Fig. 7) presented combination of the surveys' results. 
Fig. 7. BIM awareness and adoption from different countries
Refer to Rogers [37] that adoption of innovation generates self-pressure towards the rate at which the innovation diffuses. The adoption rate is expected to progress (faster) since it is still below 50%, although it will keep on slowing down before the adoption reaches 50% (where the adoption curve flattens), at the same time the awareness level becomes extensive through the adopting group.
The figure (Fig. 8) 
Barriers to Adopting BIM
Several studies revealed varieties of barriers to BIM adoption in the developing countries, even the most recent findings revealed same barriers [20, 24, 25, 30, 33] ; the common and the most barriers are: lack of trained personnel (expertise) on BIM, lack of collaboration between diverse professionals (team members), Insufficiency in knowledge or understanding of the BIM concept itself and lastly public sector commitment. The finding here has realised a similar outcome, having lack of experts the most significant (55%) barrier to BIM adoption and proceeded by lack of collaboration by other stakeholders (22.5%) see Fig. 9 . This finding fully examined the critical barriers where the two alone gulped over 70% of the barriers. Perhaps, other barriers are no longer significant due to further developments. 
CONCLUSIONS AND RECOMMENDA-TION
The investigation reveals that there is reasonable awareness on BIM technology, although many are aware of the tools without knowing it as BIM, and without knowing it as a process; therefore no clear understanding of BIM by the industry professionals.
It can be seen that BIM adoption in Nigerian construction industry is lagging behind all the three countries (US, UK and South Africa) by at least five years. In addition to lagging behind by at least five years, it is also behind by about 10% and 50% for UK and US respectively. The adoption to awareness pattern of Nigerian construction industry is more like that of the UK and South Africa, but followed nearly like the UK's pattern of 31:79 in 2012 while Nigerian pattern of 23:60 in 2017 (approximate adoption to awareness ration of 2:5).
Finally, Nigerian construction industry has just entered the Early Majority (not up to a critical mass point) in adopting BIM technology and just entered the Late Majority in its awareness. It can be seen that only two significant barriers were realised in the study; hence, others may have been improved in the recent years. The industry is expected to follow the UK trend, but the adoption process needs to be streamlined to achieving the adoption rate of 6% (average) achieved by the UK construction industry yearly. All these came up due to a streamlined process to achieving BIM mandate in the UK, and also the UK's major clients are progressively insisting on a BIM platform for their new facilities, while the government is driving the process by creating a conducive atmosphere to the BIM utilization and requiring that new public buildings are produced in a collaborative environment using BIM.
Further comprehensive study into training and retraining is recommended; streamline adoption process with detailed maturity level (with capability and competency sets) also recommended facilitating the development of model/framework for its effective adoption. 
